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Objectives Single-balloon enteroscopy (SBE)—assisted endoscopic retrograde chol-
angiopancreatography (ERCP) has been shown to be cost effective and less technically 
demanding than other modes of device-assisted enteroscopy. We aimed to evaluate 
the safety and efficacy of SBE-ERCP in surgically altered anatomy.
Methods This was a prospective cohort study in a high-volume tertiary care gastro-
enterology center. Patients with surgically altered anatomy requiring pancreaticobi-
liary interventions, who failed ERCP with a colonoscope/duodenoscope, underwent 
SBE-ERCP. Diagnostic and therapeutic success, procedure time, and adverse events 
were evaluated prospectively with short-term follow-up.
Results Twenty-eight patients with surgically altered anatomy (19 males, aged 
15–66 years) underwent total 40 SBE-ERCP (23 Roux-en-Y, 17 Billroth II anatomy) 
procedures. The ERCP diagnosis were hepaticojejunostomy (HJ) stricture (N = 10), 
HJ stricture and stone (N = 7), common bile duct (CBD) stricture (N = 6), CBD stone 
(N = 1), pancreaticojejunostomy (PJ) stricture (N = 1), and pancreatic duct (PD) stric-
ture (N = 1). Diagnostic success was achieved in 91.3% (21/23) patients with Roux-en-Y 
anatomy and 100% (17/17) with Billroth II anatomy. Therapeutic success was achieved 
in 86.95% (20/23) and 94.1% (16/17) patients with Roux-en-Y and Billroth II anatomy, 
respectively. In patients with intact papilla (N = 8), diagnostic and therapeutic success 
were achieved in 100% (8/8) and 75% (6/8) cases, respectively. The mean procedure 
time for Roux-en-Y and Billroth II anatomy were 64.95 minutes (range 30–110 min) and 
38.31 minutes (range 25–60 min), respectively. Immediate complications occurred in 
7.5% (3/40) procedures (2 requiring laparotomy, 1 treated endoscopically) in the form 
of perforation. Among delayed complications, 5 patients had cholangitis and 1 had 
recurrent cholestasis, which were successfully treated with stent exchange. No other 
complications occurred over median follow-up of 110 days (30–390 d).
Conclusion SBE-ERCP in surgically altered anatomy requiring pancreatic–biliary 
intervention appears safe and highly effective with current long ERCP accessories. 
Further improvement in SBE-ERCP technique and accessories has the potential to make 
it a promising avenue in surgically altered anatomy.
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Introduction
Endoscopic retrograde cholangiopancreatography (ERCP) is 
the accepted therapeutic modality for management of many 
biliopancreatic disorders. ERCP is successful in near 90% of 
patients with normal anatomy.1 In the recent times, aggressive 
pancreaticobiliary and bariatric surgery are performed regu-
larly resulting in altered gastrointestinal anatomy. ERCP in a sur-
gically altered anatomy is a technical challenge. This is because 
of the long afferent loop in a Billroth II gastrectomy. In a Roux-
en-Y reconstruction, both afferent and efferent loops are long 
and often an acute angulation at the junction of the anastomotic 
limbs makes approach to the papilla difficult. Colonoscopes 
have been used to overcome this limitation.2 Percutaneous 
transhepatic cholangiography (PTC) has also been utilized in 
selected patients for biliary intervention. PTC, however, has its 
own limitation and cannot be used for pancreatic cannulation.3 
Surgery then remains the only other alternative in patients with 
altered anatomy.4 Surgery is, however, associated with longer 
hospitalization, increased morbidity, and higher costs.

Device-assisted enteroscopy (DAE) have been used suc-
cessfully over the past decade for biliary and pancreatic 
cannulation in patients with surgically altered anatomy.5-7 
However, most case series have small cohort of patients.

In this study we describe our experience of use of SBE, 
a device-assisted enteroscope (DAE) in performing ERCP in 
patients with altered surgical anatomy.

Materials and Methods
The aim of the study was to evaluate safety and efficacy of 
SBE-assisted ERCP in patients with surgically altered anat-
omy (Billroth II and Roux-en-Y).

The study was conducted between March 2016 and 
February 2017 at Asian Institute of Gastroenterology, 
Hyderabad, a high-volume tertiary care center for gastroen-
terology. This is a prospective cohort study approved by insti-
tutional review board and informed consent was taken from 
all the patients prior to enrolment.

Patients with surgically altered anatomy who previ-
ously had successful ERCP with a colonoscope or duode-
noscope were excluded. Twenty-eight patients (19 males) 
with a median age of 48 years (range 15–66 y) underwent 
total 40 SBE-ERCP procedures. All the patients had prior his-
tory of surgical interventions and hence altered anatomy; 
12 patients had history of Roux-en-Y hepaticojejunostomy 
(HJ), 8 had history of Whipple’s pancreatic duct (PD) (4 had 
Roux-en-Y biliary reconstruction-RY-BR, and 4 had classic 
Whipple’s PD), 7 had Billroth II gastrectomy, and 1 had total 
gastrectomy with Roux-en-Y esophagojejunostomy TG (total 
gastrectomy) + EJ (esophagojejunostomy).

Indications of SBE-ERCP procedures were cholangitis 
(N = 22), obstructive jaundice (N = 4), and pancreatic endo-
therapy (N = 2). Repeat procedure (N = 12) indications were 
cholangitis (N = 5), obstructive jaundice due to blocked stent 
(N = 1), stent exchange after pancreatic endotherapy (N = 2), 
and follow-up stent removal (N = 4) (►Table 1).

For purpose of discussion we divided the cases accord-
ing to the anatomy into two categories—(1) Roux-en-Y (RY) 

anatomy (N = 17, RY-HJ, N = 11; RY-BR in Whipple’s PD, N = 4; 
TG + EJ, N = 1) and (2) Billroth II anatomy (N = 11, Billroth II GJ, 
N = 7; classical Whipple’s PD, N = 4). Patients with classical 
Whipple’s PD were included in the second group as anatomi-
cally and endoscopically they have similar gastrojejunostomy 
and relatively short afferent limb. Similarly, patients with 
Whipple’s PD with RY-BR were included in the first group.

All patients with RY anatomy underwent SBE-ERCP 
directly without any prior ERCP, whereas all patients with 
Billroth II reconstruction underwent ERCP with standard 
duodenoscope/pediatric colonoscope initially, failing which 
they were subjected to SBE-ERCP.

SBE Instruments
The SBE instruments consisted of a videoenteroscope (XSIF-
Q260Y; Olympus Medical Systems, Tokyo, Japan), a sliding 
tube with a balloon (XST-SB1; Olympus), and a balloon con-
troller (XMAJ- 1725; Olympus). The working length of the 
videoenteroscope was 200 cm, with an outer and working 
channel diameter of 9.2 mm and 2.8 mm, respectively. The 
sliding tube with a silicone balloon at its tip has a working 
length, and outer and inner diameters of 132 cm, 13.2 mm, 
and 11 mm, respectively.6

SBE-ERCP Procedure
All procedures were performed by experienced pancreatico-
biliary endoscopist (H.C. and M.R.) under monitored anesthesia, 
with patient in prone/semiprone position.

The enteroscope was advanced using a push and pull 
technique, with sequential inflation and deflation of balloon. 
The enteroscope was inserted as far as possible in a deflated 
position, the balloon was inflated, and then the entire system 
was withdrawn to promote pleating of the small bowel onto 
the outer surface of the overture. Then the enteroscope was 
advanced with the balloon inflated, holding the small bowel 
in retracted position. Fluoroscopy was used in all the cases to 
guide the passage of the enteroscope to the ampulla or HJ site 
and to perform ERCP.

Endoscopic accessories for SBE-ERCP were all 
commercially available. It was predecided that if deep 
cannulation could not be achieved despite repeated attempts 
using various techniques for 60 minutes, the procedure 
would be terminated. On failure of cannulation, we 
scheduled percutaneous transhepatic biliary drainage (PTBD) 
under transabdominal ultrasound guidance by an expert 
interventional radiologist. Prophylactic antibiotics were 
administered prior to all procedures in all cases. No patients 
received NSAIDs, antiplatelet agents, or antithrombotic 
agents. The outcomes were evaluated prospectively regarding 
success rate, therapeutic procedure, and complications, as 
well as short-term follow-up.

Definitions of Treatment Outcomes
Endoscopic success was defined as ability to intubate the 
afferent limb and identify papilla or pancreatoenteric/bilio-
enteric anastomotic site. Diagnostic success was defined as 
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successful duct cannulation and cholangiogram leading to 
a diagnosis. Therapeutic ERCP success was defined as a suc-
cessful diagnostic enteroscopy with successful therapeutic 
interventions. Total procedure time was defined as the time 
from the beginning of insertion of enteroscope to complete 
withdrawal.

Complications
Bleeding was considered an adverse event when it required 
therapeutic intervention at the time of procedure or 
identified later requiring blood transfusion or hospital-
ization. Perforation was discovered by presence of free 
intra-abdominal air on imaging studies. Cholangitis was 
defined as per Tokyo guidelines and post-ERCP pancreatitis 
was defined by the criteria given by Cotton et al.8,9

Results
Total number of procedures in RY anatomy was 23 SBE-ERCP 
(initially 17 and 6 repeat procedures) and in Billroth II anat-
omy was 17 procedures (initially 11 and 6 repeat procedures). 
In RY anatomy, diagnostic success was achieved in 21/23 
patients (91.3%) and HJ site could not be reached in 2 patients 
who had bowel perforation due to difficult anatomy with 
long Roux limb and interloop bowel adhesions found later on 
laparotomy. In the Billroth II anatomy, all patients had diag-
nostic success (100%, 17/17) (►Table 1).

The ERCP diagnosis were HJ stricture (N = 10), HJ stric-
ture and stone (N = 7), common bile duct (CBD) stricture 
(N = 6), CBD stone (N = 1), pancreaticojejunostomy (PJ) stric-
ture (N = 1), and PD stricture (N = 1) (►Table 2).

Among the patients who had diagnostic success, two 
had therapeutic failure due to tight stricture defying pas-
sage of accessories, one each in both groups (one in TG + EJ 
and one in Billroth II GJ) (►Fig. 1).

HJ strictures alone (N = 10) were treated with balloon 
dilatation, followed by stenting (►Fig.  2). Needle knife 
stricturoplasty was done for tight HJ stricture in 2 patients 
among which one had perforation which was managed 
successfully with enteroscopy-assisted clipping. HJ stric-
ture with stones (N = 7) were treated similarly with addi-
tion of stone clearance. On follow-up, 4 patients developed 
cholangitis, requiring stent exchange. Stent was removed 
in two patients after resolution of stricture.

For CBD strictures (N = 6) and stones (N = 1), deep CBD 
cannulation was achieved by wire-guided technique or 
precut sphincterotomy, followed by biliary sphincterot-
omy. Later, CBD stenting was done for strictures and bal-
loon sweep and clearance was done for CBD stones. In spite 
of deep biliary cannulation and cholangiogram, therapeu-
tic intervention failed in two cases due to tight stricture (1 
in Billroth II GJ anatomy and 1 in TG + EJ) (►Fig. 3).

Pancreatic endotherapy (PD stent and/or stricture 
dilatation) was done in two patients, (one PD stricture and 
PJ stricture each).

In patients with intact papilla (N = 8; Billroth II GJ, N = 7; 
TG + EJ, N = 1), 4 patients underwent biliary sphincterotomy 
and 1 patient underwent pancreatic sphincterotomy. Precut 
sphincterotomy with needle knife was done in two patients. 
In rest of the two patients, biliary instrumentation failed.

The mean procedure time for RY anatomy was 
64.95 minutes (range 30–110 min) and for Billroth II anatomy 
was 38.31 minutes (range 25–60 min). Among Billroth II 
cases, the mean procedural time for those with intact papilla 

Table 1  Enteroscopy diagnostic and therapeutic success rates in various subgroups

Enteroscopy 
success

Diagnostic 
success

Therapeutic 
success

Billroth II anatomy (BII GJ/classic Whipple’s)
(N = 11 + 6 repeat procedures)

100% (17/17) 100% (17/17) 94.1% (16/17)

RY-BR (N = 17 + 6 repeat procedures) 91.3% (21/23) 91.3% (21/23) 86.95% (20/23)

Overall 95% (38/40) 95% (38/40) 90% (30/40)

Abbreviations: BII, Billroth II; EJ, esophagojejunostomy; GJ, gastrojejunostomy; RY-BR, Roux-en-Y biliary reconstruction; TG, total gastrectomy.

Table 2  Details of results of single-balloon enteroscopy–guided endoscopic retrograde cholangiopancreatography (ERCP) and 
therapeutic procedures performed

ERCP diagnosis (26/28) Therapeutic ERCP

HJ stricture, N = 10 HJ stenting (N = 14, repeat N = 4)

HJ stricture with stone, N = 7 HJ balloon dilatation (N = 13, repeat, N = 4)

HJ balloon sweep (N = 6)

CBD stricture, N = 6 CBD stenting (N = 4, repeat N = 2)

CBD stone, N = 1 CBD balloon sweep (N = 1)

PJ stricture, N = 1 PD/PJ stenting (N = 2, repeat N = 2),

PD stricture, N = 1 PJ balloon dilatation (N = 1)

Abbreviations: BII, Billroth II; CBD, common bile duct; EJ, esophagojejunostomy; GJ, gastrojejunostomy; HJ, hepaticojejunostomy; PD, pancreatic duct; 
PJ, pancreaticojejunostomy; RY-BR, Roux-en-Y biliary reconstruction; TG, total gastrectomy.



224 Single-Balloon Enteroscopy—Guided ERCP in Surgically Altered Anatomy Pal et al.

Journal of Digestive Endoscopy Vol. 10 No. 4/2019

(Billroth II GJ) was 37.11 minutes (range 25–60 min) and 
for those with bilioenteric anastomosis was 39.85 minutes 
(range 28–60 min).

Immediate complications occurred in 7.5% (3/40) proce-
dures in the form of perforation. In 2 cases requiring lapa-
rotomy which showed dense adhesions and 1 case (during 
needle knife stricturoplasty of tight HJ stricture) was suc-
cessfully treated endoscopically by clipping. There were no 
cases of major bleeding during SBE-ERCP.

Among delayed complications, 5 patients had cholangitis 
and 1 had jaundice after initial ERCP, which was successfully 
treated with stent exchange. No other complications occurred 
over a median follow-up of 110 days (30–390 d).

Discussion
The modern obesity epidemic has increased the number of 
surgical procedures like Roux-en-Y gastric bypass (RYGB) 
which is complicated by formation of cholesterol gallstones 
in one-third of patients due to rapid weight loss and hence 
increase the need for biliary interventions.10,11 Moreover, 
increasing number of patients undergoing liver transplan-
tation with Roux-en-Y biliary reconstruction (RYBR) due to 

postoperative adverse events or diseased bile ducts are at 
risk of biliary adverse events requiring billiard intervention 
in altered anatomy.12 Double-balloon, single-balloon, and 
spiral enteroscopes are the current modalities of device-as-
sisted enteroscopy (DAE). Double-balloon enteroscopy (DBE) 
requires specialized equipment and expertise, which is not 
widely available. Spiral enteroscopy is still evolving.7 Single-
balloon enteroscopy (SBE) uses single-balloon splinting 
overtube, which reduces and pleats small intestine, which 
help negotiate acute angulations in altered anatomy. SBE 
has shorter procedure time and less technically demanding 
than DBE with similar rates of adverse events.6,7,13 Failure of 
achieving the objective can occur in 30 to 40% cases with 
SBE and 20% with DBE.10,14 However, given the reasonable 
success rate, good safety profile, and availability, SBE has the 
potential to be used as first line for ERCP in altered anatomy 
in which standard duodenoscope or colonoscope has failed.15

Our present study demonstrates the safety and efficacy of 
SBE-ERCP in patients with altered surgical anatomy (in both 
Billroth II and RY anatomy) in a cohort of 28 patients undergo-
ing 40 SBE-ERCP procedures. These included 11 patients with 
Billroth II anatomy and17 patients with Roux-en-Y anatomy. 
The endoscopic success rate in Billroth II (which includes 

Fig. 1 Flowchart showing results of single-balloon enteroscopy (SBE)–assisted endoscopic retrograde cholangiopancreatography (ERCP) strat-
ified according to different altered anatomy. EJ, esophagojejunostomy; GJ, gastrojejunostomy; PD, pancreaticoduodenectomy; PTC, percuta-
neous transhepatic cholangiography; RY-BR, Roux-en-Y biliary reconstruction; RY-HJ, Roux-en-Y hepaticojejunostomy; TG, total gastrectomy.



225Single-Balloon Enteroscopy—Guided ERCP in Surgically Altered Anatomy Pal et al.

Journal of Digestive Endoscopy Vol. 10 No. 4/2019

Billroth II GJ and classical Whipple’s PD) and Roux-en-Y anat-
omy (RY-HJ and RY-BR in Whipple’s PD) were 100% and 91.3%, 
respectively. The higher success rate in Billroth II reconstruc-
tion is due to the fact that it has short afferent limb (40–60 cm 
in case of classic Whipple’s PD and even shorter in B II GJ). 
The lower success rate in Roux-en-Y anatomy is due to longer 
afferent limb (20–75 cm in case of RY-HJ and even longer with 
RY-BR in Whipple’s PD which resembles Roux-en-Y gastric 
bypass [RYGB]), small bowel adhesions and acute angulation at 
the Y limb. Diagnostic success was similar in both the groups. 
Therapeutic success was 94.1% and 86.95% in BII and RY anat-
omy, respectively. The results are similar to recent studies on 
device-assisted enteroscopy-guided ERCP and significantly 
better than earlier studies due to commercially available long 
accessories for ERCP.6,16 In cases of intact papilla, SBE-ERCP 
is difficult due to oblique angulation of the papilla and poor 
maneuverability, leading to higher procedure time.6,17 In our 
entire cohort of 40 patients, out of the 4 failed cases, 2 had 
intact papilla (1 in BII GJ and 1 in TG + EJ) in which diagnos-
tic cholangiogram was feasible but therapeutic intervention 
failed due to reasons mentioned earlier. The overall success 
rate was 75% in cases of intact papilla.

Earlier published reports on SBE-ERCP had lot of het-
erogeneity in various anatomy in which it was done.15 A 
meta-analysis by Inamdar et al reported endoscopic success, 
diagnostic success, and therapeutic success as 80.9%, 69.4%, 
and 61.7%, respectively.7 To adjust for the heterogeneity of the 
studies Abu Dayyeh et al showed in separate meta-analysis 
for various anatomies that showed respective diagnostic and 
therapeutic success rates of 75% and 63% in RYGB and 79% 
and 65% in RY-BR/Whipple’s PD, respectively. So, overall 60 
to 70% success rate was expected. But these contain older 
studies in which SBE was replaced by conventional endo-
scope and was done with short accessories due to unavail-
ability of long ERCP accessories.15 A recent report by Itokawa 
et al shows higher diagnostic (89.3% and 93.8% in RY-HJ 
and Whipple’s PD, respectively) and therapeutic success 
rates (90% and 95% in RY-HJ and Whipple’s PD, respectively, 
includes data for both SBE, short SBE, and DBE).18 This is due 
to availability of longer ERCP accessories and larger working 
channel (3.2 mm) available with short SBE. With modern 
variations in SBE-ERCP instruments and available accesso-
ries, some of the difficulties are overcome. Modern short 
SBE (prototype SIF-Y0004-V01, 3.2-mm diameter working 

Fig. 2 Single-balloon enteroscopy (SBE)–guided endoscopic retrograde cholangiopancreatography (ERCP) for hepaticojejunostomy (HJ) stric-
ture dilatation following choledochal cyst excision. SBE was passed up to the HJ site through Roux-en-Y limb and cholangiogram showed HJ 
structure with intrahepatic calculi. The HJ site was subsequently dilated and biliary stents were placed across it.
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channel; Olympus) has 3.2 mm working channel allowing 
for introduction of basket catheter, intraductal ultrasound 
(IDUS) probe, and large balloon dilatation. Wider working 
channel enables swift 7 Fr stent placement even with the 
enteroscope in retroflexed position and better management 
of post sphincterotomy bleed if it occurs.19 A new therapeutic 
XSIF-180JY SBE device (a long-type SBE device: 200 cm) has 
been described which has additional water jet channel which 
can be used to flush away biliary stones and blood without 
the need to clear the wider working channel (3.2 mm).20 
Other important reasons for higher success rate is availability 
of long ERCP catheters, guide wires, and dilatation balloons 
which does not require exchange of SBE with conventional 
upper GI scope used in earlier studies with SBE-ERCP.16

ERCP in an altered anatomy is a challenge. The challenges 
in therapeutic endoscopy are similar in both RY and BII anat-
omy. As mentioned earlier, the long afferent limb in Billroth 
II gastrectomy and the length of both afferent and efferent 
limbs as well as sharp angulation in Roux-en-Y procedure, 
limit the success using standard ERCP and colonoscope. Yet 
another limitation is the lack of proper instrumentation for 

use through the SBE due to narrow working channel diame-
ter. The absence of an elevator (as seen in the standard duo-
denoscope) is a handicap for the endoscopist. The elevator 
helps in both cannulation and deployment of accessories. The 
oblique position of the native papilla is another limitation in 
cannulation.6,18 In RY-HJ, the intact stomach allows looping 
of enteroscope, afferent limb is long as jejunojejunostomy 
is encountered distal to ligament of Treitz and anastomosis 
can be difficult to identify, especially if strictured. In classi-
cal Whipple’s PD similar problem occur except for shorter 
afferent limb. The difference in therapeutic success rate is 
mainly due to lower diagnostic success in RY anatomy (in 
two cases HJ site could not be reached). DAE is successful for 
papillary cannulation if the length of the Roux limb is less 
than 150 cm. Beyond 150 cm, the success rate is limited and 
alternative techniques (e.g., endoscopic ultrasound-guided 
biliary cannulation) may have to be utilized.15,21,22 For Roux 
limb greater than 150 cm, if DAE-assisted ERCP fails, EUS-
guided gastrogastrostomy creation followed by conventional 
ERCP can be done (EUS-GG-ERCP).21 Bukhari et al23 showed 
higher technical success, shorter procedure time, and similar 

Fig. 3 Flowchart showing details of successful and failed single-balloon enteroscopy (SBE)–guided endoscopic retrograde cholangiopancrea-
tography (ERCP). BD, biliary drainage; BS, biliary sphincterotomy; CBD, common bile duct; EJ, esophagojejunostomy; GJ, gastrojejunostomy; 
NKS, needle knife sphincterotomy; PD, pancreaticoduodenectomy; PTC, percutaneous transhepatic cholangiography; PJ, pancreaticojejunos-
tomy; PD, pancreatic duct; RY-BR, Roux-en-Y biliary reconstruction; RY-HJ, Roux-en-Y hepaticojejunostomy; TG, total gastrectomy.
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safety profile with EUS-GG-ERCP in RYGB anatomy compared 
with DAE-assisted ERCP.24 However, due to lack of wide-
spread availability of expertise, invasiveness, and cost factors 
involved, DAE-ERCP can be the preferred initial approach in 
postsurgical altered anatomy.

Complications like perforation was higher in RY anatomy 
due to longer afferent limbs allowing looping and due to 
adhesions. Complication rate was 7.5% (3/40), which is com-
parable to PTBD which has a reported adverse event rate of 
9% and a major adverse event rate of 4%.16,24

The limitations of the present study are case selec-
tion and treatment bias because of it being a retrospective, 
single-center study.

In conclusion, SBE-ERCP in patients with R-Y and BII anat-
omy seems to be safe and effective. Improvement in both the 
technique and technology will further improve the success 
rate.
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